(g) overall photo-electric conversion and storage efficiency of the entire PSCs-LIB unit (ɳ 2 ) vs. C-rates.
Supplementary Fig. 12. Discharge rate capability comparison between PSCs-LIB and PS-LIB.
Capacity retention vs. C-rates of PSCs-LIB and PS-LIB.
Supplementary Tables
Supplementary The device was fabricated by a photoelectrode of dyesensitized TiO 2 nanoparticles and a PVDF/ZNWA nanocomposite modified counter electrodes (CEs), The CEs of DSSCs were modified by PVDF/ZnO nanowire array nanocomposites for the energy storage function. The device with 25-nm-thick PVDF could provide a η of 3.70% while part of the photo-generated charge was stored in CE with a charge density of 2.14 C g . The specific capacitance was 83 F g -1 , and the energy storage efficiency was calculated to be 34% with an entire energy conversion and storage efficiency of 0.79%.
10
Photo-capacitor -2.73 Dye-sensitized solar cell and electrochemical capacitor were coaxially integrated into a novel "energy fiber". The maximum photoelectric conversion efficiency achieved was 2.73%, while the energy storage efficiency reached 75.7% with specific capacitances up to 0.156 mF cm -1 or 3.32 mF cm -2 and power densities up to 0.013 mW cm -1 or 0.27 mW cm -2 .
11
Photo-capacitor -< 6-7 The as-received commercial polycrystalline silicon solar cell panel (Silicon Solar, 400 mA, 22 W, Polycrystalline, 14.8% efficiency) was adopted as the photo-charging source. The device was operated ideally to present that the supercapacitor, 84% of the charge generated by the PV device can be effectively stored by the supercapacitor.
12
Photosupercapacitor 1.64 -This integrated device was fabricated based on bi-polar ATO Bi-polar TiO 2 nanotube arrays with plasma treatment. The cycle stability of the photo-supercapacitor was investigated for 100 cycles at a discharge current density of 0.1 mAcm connected units tested in this study. In order to determine the discharge rate capability of LFPO-LTO cell in the PSCs-LIB system, we photo-charged the LFPO-LTO LIB with the perovskite SC at 0.5 C and galvanostatically discharged at various C-rates from 0.1 to 1 C (black dots, Supplementary Fig. 11a ). Supplementary Figs. 11b-f show typical charge-discharge behaviors of the photo-charged LFPO-LTO cell discharged at different C-rates, which agreed well with the results shown in Figure 2f . As can be seen, the PSCs-LIB cell delivered reversible capacities of 142.1, 131.9, 126.6, 113.7 and 101.2 mA h g −1 at discharge current densities of 0.1, 0.25, 0.5, 0.75, 1 C, respectively. As expected, the initial capacity of the PS-LIB cell at 0.1 C is very close to the initial reversible capacity of 140.4 mAh g -1 for the cell at 0.5 C (Figure 3e ). Supplementary   Fig. 11a (red dots) also shows the discharge rate capability at various C-rates from 0.1 to 1 C after galvanostatically charged at 0.5 C for the LFPO-LTO cell, which has been photo-charged and galvanostatically charged for 10 cycles (i.e., blue dots in Supplementary Fig. 11a ). As can be seen in Supplementary Fig. 12 , the photo-charged PSCs-LIB and the PS-LIB cell gavanostatically charged and discharged at 0.5 C both exhibited a similar rate capability from 0.1 -1 C, further indicating a highly stable PSCs-LIB system.
Supplementary Methods

Materials preparation
The 
Materials characterization
Scanning electron microscopic (SEM) images were recorded on a Nova nano SEM 600. X-ray diffraction (XRD) was conducted on a Miniflex II Desktop X-ray diffractometer. UV-vis absorption was measured on a Shimadzu UV1800 spectrometer. The incident photon-tocurrent efficiency (IPCE) was measured on a Solar Cell Measurement System from PV measure ment Inc.
PSCs-LIB device assemble
The cathode ( ITO glass substrates were cleaned sequentially with detergent, de-ionized water, acetone, and iso-propanol, followed by drying with N 2 flow and UV-ozone treatment for 15 minutes. The PEDOT:PSS solution (Al4083 from H. C. Starck) was spin-cast onto ITO electrodes at 5000 rpm for 40 s, followed by heating at 140 °C for 10 minutes. The PEDOT:PSS-coated ITO/Glass substrate was then transferred to an evaporator in an Ar-filled glovebox for PbI 2 evaporation (125 nm). Thereafter, the PbI 2 -deposited substrate was dipped into a solution of CH 3 NH 3 I in 2-propanol (10 mg ml -1 ) for 40 s to form the CH 3 NH 3 PbI 3 perovskite layer and rinsed with 2-propanol. Similarly, a second PbI 2 layer was thermally evaporated onto the CH 3 NH 3 PbI 3 perovskite film, followed by dipping into the CH 3 NH 3 I solution to form the second layer of CH 3 NH 3 PbI 3 perovskite, and the process repeated for 3 times for a desired thickness was obtained. The CH 3 NH 3 PbI 3 perovskite thus formed was then thermally annealed at 100 °C for 10 minutes in the glove box to complete crystallization of the perovskite and to eliminate the interface, if any, through the film thickness. After the annealing, PC61BM in chlorobenzene solution (17 mg ml -1 ) was deposited onto the perovskite layer by spin-coating at 1000 rpm for 60 s. Finally, the device was transferred to the evaporator for thermal evaporation of Ca (20 nm) and Al (100 nm) at 10 -7 Torr. The fabricted solar cell was kept in the glove box under high purity Ar gas and ready for further electrochemical measurements and long-time rest measurements.
Calculations
The energy-conversion efficiency of the peroveskite solar cell (PSC)(η 1 ): 
